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(54) WATER-BASED INK FOR INK-JET RECORDING 

(57) A water-based ink for inkjet printing comprising 
a water dispersion of vinyl polymer particles prepared 
by containing a pigment in a vinyl polymer prepared by 
copolymerizing a monomer mixture comprising (a) a 
salt-forming group-containing monomer, (b) a mac- 
romer, and (c) a monomer copolymerizable with the 
salt-forming group-containing monomer and the mac- 
romer; and a process for preparing a water-based ink 
for inkjet printing comprising a water dispersion of vinyl 
polymer particles prepared by containing a pigment in a 
vinyl polymer, comprising dissolving in an organic sol- 
vent a vinyl polymer prepared by copolymerizing a mon- 
omer mixture comprising (a) a salt-forming group- 
containing monomer, (b) a macromer, and (c) a mono- 
mer copolymerizable with the salt-forming group-con- 
taining monomer and the macromer; adding a pigment 
to the resulting solution; pre-kneading the mixture; 
thereafter adding a neutralizing agent and water and 
kneading the mixture, to give an oil-in-water dispersion; 
and distilling off the organic solvent from the resulting 
kneaded product. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to a water-based ink for Inkjet printing. 
BACKGROUND ART 

[0002] Inkjet printing system is a printing system comprising directly jetting ink droplets from very fine nozzles, and 
io depositing the ink droplets on a recording medium, to give characters and images. This system has advantages that not 
only the used device shows a low level of noise and has excellent operability, but also the coloration is facilitated and 
plain paper can be used as a recording medium. Therefore, this system has been widely used in the recent years. 
[0003] In an ink used for inkjet printers, water-soluble dyes and polyhydric alcohols are used in order to prevent the 
ink from being clogged in the nozzles. However, this ink is poor in water resistance and light fastness. Especially, when 
is the ink is used as an ink for thermal jet system, there arise defects such that the dye is oxidized due to the heat of a 
heater surface, and that the ink is easily scorched on the heater surface, thereby lowering the discharging ability. 
[0004] In order to eliminate this defect, there has been proposed an ink comprising a water dispersion of a vinyl pol- 
ymer having a specified structure in which a hydrophobic dye is incorporated (Japanese Patent Laid-Open Nos. Hei 9- 
241565 and Hei 9-286939). However, this ink has defects that light fastness and printing density are insufficient 
20 because dye is used. 

[0005] An object of the present invention is to provide a water-based ink for inkjet printing which is excellent in light 
fastness, imparts high printing density, gives a recording medium no distortions, and is excellent in water resistance, 
rub resistance, and highlighter-fastness. 

25 DISCLOSURE OF INVENTION 

[0006] According to the present invention, there are provided: 

(1) a water-based ink for inkjet printing comprising a water dispersion of vinyt polymer particles prepared by con- 
30 taining a pigment in a vinyl polymer prepared by copolymerizing a monomer mixture comprising (a) a salt-forming 

group-containing monomer, (b) a macromer, and (c) a monomer copolymerizable with the salt-forming group-con- 
taining monomer and the macromer; and 

(2) a process for preparing a water-based ink for inkjet printing comprising a water dispersion of vinyl polymer par- 
ticles prepared by containing a pigment in a vinyl polymer, comprising dissolving in an organic solvent a vinyl pol- 

35 ymer prepared by copolymerizing a monomer mixture comprising (a) a salt-forming group-containing monomer, (b) 
a macromer, and (c) a monomer copolymerizable with the salt-forming group-containing monomer and the mac- 
romer, adding a pigment to the resulting solution; pre-kneading the mixture; thereafter adding a neutralizing agent 
and water and kneading the mixture, to prepare a water-in-oil dispersion; and distilling off the organic solvent from 
the resulting kneaded product 

40 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0007] The monomer mixture comprises (a) a salt-forming group-containing monomer [hereinafter referred to as 
component (a)], (b) a macromer [hereinafter referred to as component (b)], and (c) a monomer copolymerizable with 

45 component (a) and component (b) [hereinafter referred to as component (c)]. 

[0008] The component (a) includes cationic monomers and anionic monomers. Examples thereof include those 
listed in Japanese Patent Laid-Open No. Hei 9-286939, page 5, column 7, line 24 to column 8, line 29, and the like. 
[0009] Representative examples of the cationic monomers include unsaturated tertiary amine-containing mono- 
mers, unsaturated ammonium salt-containing monomers, and the like. Among them, N,N-dimethylaminoethyi 

so (meth)acrylate, N-(N\N'-dimethylaminopropyl) (meth)acrylamide and vinyipyrrolidone are preferable. 

[0010] Representative examples of the anionic monomers include unsaturated carboxylic acid monomers, unsatu- 
rated sulfonic acid monomers, unsaturated phosphoric acid monomers, and the like. Among them, unsaturated carbox- 
ylic acid monomers such as acrylic acid and methacrylic acid are preferable. 

[0011] The component (b) includes macromers, which are monomers having a polymerizable unsaturated group, 
55 and a number-average molecular weight of 500 to 1 00000, preferably 1 000 to 1 0000. Among them, silicone macromers 
represented by the formula (II): 

X(Y) q Si(R 4 )3_r(Z)r (II) 
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wherein X is a potymerizable unsaturated group; Y is a divalent bond group; each of R 4 is independently hydrogen 
atom, a lower alkyl group, an aryl group or an alkoxy group; Z is a monovalent siloxane polymer residue having a 
number-average molecular weight of not less than 500; q is 0 or 1 ; and r is an integer of 1 to 3; and/or 
styrene macromers having a polymerizable functional group at one end are preferable. 
5 [0012] The number-average molecular weight of the component (b) is determined by gel chromatography using 1 
mmol/L of dodecyldimethy lamine-containing chloroform as a solvent with polystyrene as a standard substance. 
[0013] The silicone macromer can be favorably used from the viewpoint of preventing the head of an inkjet printer 
from scorching. 

[0014] In the silicone macromers represented by the formula (II), X includes monovalent unsaturated hydrocarbon 
10 groups having 2 to 6 carbon atoms such as CH^CH — group and CH2=C(CH 3 ) — group. Y includes divalent bond 
groups usuch as —COO — group, — COOC a H 2a — group (a being an integer of 1 to 5) and phenylene group, and 
— COOCsHe — is preferable. R 4 includes hydrogen atom; lower alkyl groups having 1 to 5 carbon atoms such as methyl 
group and ethyl group; aryl groups having 6 to 20 carbon atoms such as phenyl group; and alkoxy groups having 1 to 
20 carbon atoms such as methoxy group. Among them, methyl group is preferable. Z is preferably a monovalent residue 
75 of dimethylsiloxane polymer having a number-average molecular weight of 500 to 5000. q is 0 or 1 , preferably 1 . r is an 
integer of 1 to 3, preferably 1 . 

[001 5] Representative examples of the silicone macromers include silicone macromers represented by the formula 
(11-1): 

20 CH 2 =CR 5 -COOC 3 H 6 -[Si(R 6 ) 2 ^0] b -^Si(R 6 ) 3 (11-1) 

wherein R 5 is hydrogen atom or methyl group; each of R & s is independently hydrogen atom, or a lower alkyl group hav- 
ing 1 to 5 carbon atoms; b is a number of 5 to 60; 
silicone macromers represented by the formula (I I-2): 

25 

CH 2 =CR 5 --COO— [SKR'V- Olb-SKR 6 ^ (I I-2) 

wherein R 5 , R 6 and b are as defined above; 
silicone macromers represented by the formula (II-3): 

30 

CH2=CR 5 — Ph-4Si(R 6 ) 2 --0]b--S«(R 6 )3 (' '"3) 

wherein Ph is phenylene group; and R 5 , R 6 and b are as defined above; 
silicone macromers represented by the formula (II-4): 

35 

CHjpCR 5 — COOCaHfr-SKOEk (II-4) 

wherein R 5 is as defined above; and E is a — [SKR^Ok— SKR 5 ^ group, wherein R 5 is as defined above, and c is a 
number of 5 to 65, and the like. 

40 [0016] Among them, the silicone macromers represented by the formula (11-1) are preferable, and especially pref- 
erable are silicone macromers represented by the formula (11-1 a): 

CH2=C(CH3)— COOCaHe— [SKCHaJ^-OJd— CH 3 (11-1 a) 

45 wherein d is a number of 8 to 40. An example thereof includes FM-071 1 (trade name, manufactured by CHISSO COR- 
PORATION), and the like. 

[0017] The styrene macromers can be favorably used from the viewpoint of sufficiently containing the pigment in 
the vinyl polymer. 

[001 8] The styrene macromers include styrene homopolymers having a polymerizable functional group at one end, 
so or copolymers of styrene and other monomers. Among them, those having acryloyloxy group or methacryloyioxy group 
as a polymerizable functional group at one end are preferable. It is desired that the styrene content in the above copol- 
ymer is not less than 60% by weight, preferably not less than 70% by weight, from the viewpoint for sufficiently contain- 
ing the pigment in the vinyl polymer. The above other monomers include acrylonitrile, and the like. 
[0019] The component (c) includes (meth)acrylic acid esters such as methyl (meth)acrylate, ethyl (meth)acrylate, 
55 (iso)propyl (meth)acrylate, (iso- or tertiaty-)butyl (meth)acrylate, (iso)amyl (meth)acrylate, cyclohexyl (meth) aery late, 
benzyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, (iso)octyl (meth) aery late, (iso)decyl (meth)acrylate, (iso)dodecyl 
(meth)acrylate and (iso)stearyl (meth)acrylate; styrenic monomers such as styrene, vinyltoluene, 2-methylstyrene and 
chlorostyrene, and the like, each of which can be used alone or in admixture of at least two kinds. The above terms (iso- 
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or tertiary-) and (meth) mean both cases where these groups are present and where they are absent When these 
groups are absent, the group means a normal- group. 

[0020] Incidentally, it is preferable that the component (c) contains the styrenic monomer, from the viewpoints of 
improvements in printing density and highlighter-fastness. As the styrenic monomers, styrene and 2-methylstyrene are 
5 preferable, and these may be used alone or in combination. In this case, it is desired that the content of the styrenic 
monomers in the component (c) is 10 to 100% by weight, preferably 40 to 100% by weight, from the viewpoints of 
improvements in printing density and highlighter-fastness. 

[0021] In addition, the monomer mixture may contain at least one member selected from the group consisting of (d) 
a hydroxyl group-containing monomer [hereinafter referred to as "component (d)"], and (e) a monomer represented by 
w the formula (I): 

CH2=C(R 1 )COO(R 2 0) p R 3 (I) 

wherein R 1 is hydrogen atom or a lower alkyt group; R 2 is a divalent hydrocarbon group having 1 to 30 carbon atoms, 
15 which may have a hetero-atom; R 3 is a monovalent hydrocarbon group having 1 to 30 carbon atoms, which may have 
a hetero-atom; and p is a number of 1 to 60, 
[hereinafter referred to as "component (e)"]. 

[0022] The component (d) includes 2-hydroxyethyl (meth)acrytate, 3-hydroxypropyl (meth)acrylate, polyethylene 
gfycol(n = 2 to 30) (meth)acrytate, poly(ethytene gr/col(n = 1 to 15) • propylene glycol(n = 1 to 15)) (meth)acrylate, and 
20 the like. Among them, 2-hydroxyethyl (meth)acrylate is preferable. 

[0023] The component (e) exhibits excellent effects of enhancing discharging stability of the water-based ink of the 
present invention, and suppressing generation of wrinkles even when subjected to continuous printing. 
[0024] In the formula (I), R 1 is hydrogen atom or a lower alkyl group. The lower alkyl group includes an alkyl group 
having 1 to 4 carbon atoms. 

25 [0025] R 2 is a divalent hydrocarbon group having 1 to 30 carbon atoms, which may have a hetero-atom. The hetero- 
atom includes, for instance, nitrogen atom, oxygen atom, a halogen atom and sulfur atom. 

[0026] Representative examples of R 2 include an aromatic ring having 6 to 30 carbon atoms which may have a sub- 
stituent; a heterocyclic ring having 3 to 30 carbon atoms which may have a subsfrtuent; an alkylene group having 1 to 
30 carbon atoms which may have a substituent, and these rings or groups may be a combination of at least two kinds. 
30 The substituent includes an aromatic ring having 6 to 29 carbon atoms; a heterocyclic ring haying 3 to 29 carbon atoms; 
an alkyl group having 1 to 29 carbon atoms; a halogen atom; amino group, and the like. 

[0027] Suitable examples of R 2 include phenylene group which may have a substituent having 1 to 24 carbon 
atoms; an aliphatic alkylene group having 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms; an alkylene group 
having 7 to 30 carbon atoms having an aromatic ring; and an alkylene group having 4 to 30 carbon atoms having a het- 
35 erocyclic ring. 

[0028] In addition, preferable examples of R 2 0 group include ethylene oxide group, (iso)propylene oxide group, 
tetramethylene oxide group, heptamethylene oxide group, hexamethylene oxide group, and an alkylene oxide group 
having 2 to 7 carbon atoms composed of combinations of at least one of these alkylene oxides, and phenylene oxide 
group. 

40 [0029] R 3 is a monovalent hydrocarbon group having 1 to 30 carbon atoms, which may have a hetero-atom. The 
hetero-atom includes, for instance, nitrogen atom, oxygen atom and sulfur atom. 

[0030] Representative examples of R 3 include an aromatic ring having 6 to 30 carbon atoms which may have a sub- 
stituent; a heterocyclic ring having 3 to 30 carbon atoms which may have a substituent; or an alkyl group having 1 to 30 
carbon atoms which may have a substituent. The substituent includes an aromatic ring having 6 to 29 carbon atoms; a 
45 heterocyclic ring having 4 to 29 carbon atoms; a halogen atom; amino group, and the like. 

[0031] Suitable examples of R 3 include phenyl group; an aliphatic alkyl group having 1 to 30 carbon atoms, prefer- 
ably 1 to 20 carbon atoms; an alkyt group having 7 to 30 carbon atoms having an aromatic ring; and an alkyl group hav- 
ing 4 to 30 carbon atoms having a heterocyclic ring. 

[0032] More preferable examples of R 3 include alkyl groups having 1 to 6 carbon atoms such as methyl group, ethyl 
so group, (iso)propyl group, (iso)butyl group, (iso)pentyl group and (iso)hexyl group, phenyl group, and the like. 
[0033] p is a number of 1 to 60, and especially a number of 1 to 30 is preferable. 

[0034] Concrete examples of the component (e) include methoxypolyethylene glycol(1 to 30: showing the value for 
p in the formula (I), hereinafter referred to the same) (meth)acrylate, methoxypolytetramethylene glycol (1 to 30) 
(meth)acryiate, ethoxypolyethylene glycol(1 to 30) (meth)acrylate, (iso)propoxypolyethylene glycol(1 to 30) (meth)acr- 
55 ylate, butoxypolyethylene glycol(1 to 30) (meth)acrylate, meth oxypolyp ropy lene glycol (1 to 30) (meth) aery late, methox- 
ypory(ethylene glycol • propylene gh/col)(1 to 30, in which ethylene glycol moiety is 1 to 29) (meth)acrylate, and the like. 
Each of these can be used alone or in admixture of at least two kinds. Among them, methoxypolyethylene glycol(1 to 
30) (meth)acrylate is preferable. The term "(meth)acrylate" in the present specification means acrylate or methacrylate. 
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In addition, the term "(iso)propoxy" means n-propoxy or isopropoxy. 

[0035] It is desired that the content of the component (a) in the vinyl polymer is 1 to 50% by weight, preferably 2 to 
40% by weight, from the viewpoint of the dispersion stability of the resulting dispersion. 

[0036] It is desired that the content of the component (b) in the vinyl polymer is 1 to 25% by weight, preferably 5 to 
5 20% by weight, from the viewpoints of suppression of scorching on the heater surface of the Inkjet printer and stability. 
[0037] ft is desired that the content of the component (c) in the vinyl polymer is 5 to 93% by weight, preferably 1 0 
to 80% by weight, from the viewpoints of suppression of scorching on the heater surface of the inkjet printer and stabil- 
ity. When the component (c) containing a styrenic monomer is used, it is preferable that the content of the component 
(c) in the vinyl polymer is 1 0 to 60% by weight 
10 [0038] It is desired that the content of the component (d) in the vinyl polymer is 5 to 40% by weight, preferably 7 to 
20% by weight, from the viewpoints of discharging stability and printing density. In addition, it is desired that the total 
content of the component (a) and the component (d) is 6 to 60% by weight, preferably 1 0 to 50% by weight, from the 
viewpoints of stability in water and water resistance. 

[0039] It is desired that the content of the component (e) in the vinyl polymer is 5 to 50% by weight, preferably 1 0 
75 to 40% by weight, from the viewpoints of discharging stability and dispersion stability. 

[0040] In addition, it is preferable that a total content of the component (a) and the component (e) is 6 to 75% by 
weight, from the viewpoints of dispersion stability in water and discharging stability. 

[0041 ] In addition, it is desired that a total content of the component (a), the component (d) and the component (e) 
is 6 to 60% by weight, preferably 7 to 50% by weight, from the viewpoints of dispersion stability in water and discharging 
20 stability. 

[0042] The vinyl polymer is prepared by copolymerizing the monomer mixture by a known polymerization method 
such as bulk polymerization method, solution polymerization method, suspension polymerization method, or emulsion 
polymerization method. Among these polymerization methods, the solution polymerization method is preferable. 
[0043] The solvent used in the solution polymerization method is preferably a polar organic solvent, and a water- 
25 miscible organic solvent can also be used by mixing with water. The organic solvent includes, for instance, aliphatic 
alcohols having 1 to 3 carbon atoms such as methanol, ethanol and propanol; ketones such as acetone and methyl 
ethyl ketone; esters such as ethyl acetate, and the like. Among them, methanol, ethanol, acetone, methyl ethyl ketone 
or a liquid mixture of these solvents with water are preferable. 

[0044] During polymerization, a radical polymerization initiator can be used. As the radical polymerization initiator, 
30 azo compounds such as 2^-azobisisobutyrontriIe, 2,2 > -azobis(2,4-dimethylvaleronitrile), dimethyl^^-azobisbutyrate, 
2,2 < -azobis(2-methyrvaleronitriie) > and 1,V-azobis(1-cyclohexanecarbonitrile) are preferable. In addition, organic perox- 
ides such as t-butyl peroxyoctoate, di-t-butyl peroxide and dibenzoyl oxide can also be used. 

[0045] ft is preferable that the amount of the polymerization initiator is 0.001 to 5% by mol, especially 0.01 to 2% by 
mol, of the monomer mixture. 

35 [0046] During the polymerization, a polymerization chain transfer agent may be further added. Concrete examples 
of the polymerization chain transfer agent include mercaptans such as octyl mercaptan, n-dodecyl mercaptan, t- 
dodecyl mercaptan, n-tetradecyl mercaptan and mercaptoethanol; xanthogenndisulfides such as dimethyl xanthogen- 
ndisulfide and diisopropyl xanthogenndisuifide; thiuram disulfides such as tetramethyl thiuram disulfide and tetrabutyl 
thiuram disulfide; halogenated hydrocarbons such as carbon tetrachloride and ethylene bromide; hydrocarbons such 

40 as pentaphenylethane; unsaturated cyclic hydrocarbon compounds such as acrolein, methacrolein, allyl alcohol, 2- 
ethylhexyl thioglycolate, terpinolene, cc-terpinene, yterpinene, diterpene, a-methylstyrene dimer, 9,10-dihydroanthra- 
cene, 1,4-dihydronaphthalene, indene and 1,4-cyclohexadiene; unsaturated heterocyclic compounds such as 2,5-dihy- 
drofuran, and the like. These can be used alone or in combination of at least two kinds. 

[0047] Although the conditions for polymerizing the monomer mixture are different depending upon the kinds of the 
45 radical polymerization initiators used, the monomers, and the solvent, the polymerization temperature is usually 30° to 
100°C, preferably 50° to 80°C, and the polymerization time period is 1 to 20 hours. In addition, it is preferable that the 
polymerization atmosphere is an inert gas atmosphere such as nitrogen gas. 

[0048] After termination of the polymerization reaction, the copolymer can be isolated from the reaction solution by 
a known method such as re-precipitation and distilling off of the solvent In addition, the resulting copolymer can be puri- 
so tied by the removal of unreacted monomers by the repeat of re-precipitation, membrane separation, chromatography, 
extraction method, or the like. 

[0049] The weight-average molecular weight of the vinyl polymer (determined in accordance with the method 
described in the subsequent Preparation Examples 1 to 1 1 given below) is preferably 3000 to 200000, more preferably 
5000 to 1 00000, from the viewpoints of discharging property, prevention of scorching onto the printer head, durability of 
55 ink after printing, and stability of the dispersion. 

[0050] The pigment may be an inorganic pigment or an organic pigment In addition, an extender can be used 
together therewith, as occasion demands. 

[0051] The inorganic pigment includes carbon black, metal oxides, metal sulfides, metal chlorides, and the like. 
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Among them, especially among the black water-based ink, carbon black is preferable. The carbon black includes fur- 
nace black, thermal lamp black, acetylene black, channel black, and the like. 

[0052] The organic pigment includes azo pigments, diazo pigments, phthalocyanine pigments, quinacridone pig- 
ments, isoindolinone pigments, dioxazine pigments, perylene pigments, peri none pigments, thioindigo pigments, 
5 anthraquinone pigments, quin op nth alone pigments, and the like. 

[0053] The extender includes silica, calcium carbonate, talc, and the like. 

[0054] It is desired that the amount of the pigment is 20 to 400 parts by weight, preferably 50 to 300 parts by weight, 
based on 100 parts by weight of the resin solid ingredients of the vinyl polymer, from the viewpoint of printing density 
and facilitation in containing the pigment in the vinyl polymer. 
10 [0055] The water dispersion of the vinyl polymer particles containing the pigment can be obtained by, for instance, 
dissolving a vinyl polymer in an organic solvent; adding a pigment to the resulting solution; pre-kneading the mixture; 
thereafter adding a neutralizing agent and water and kneading the resulting mixture, to prepare an oil-in-water type dis- 
persion; and distilling off the organic solvent from the kneaded mixture. 

[0056] The organic solvent is preferably an alcohol solvent, a ketone solvent and an ether solvent, and a hydrophilic 

75 organic solvent is more preferable. 

[0057] The alcohol solvent includes methanol, ethanol, isopropanol, n-butanol, tertiary butanol, isobutanol, diace- 
tone alcohol, and the like. The ketone solvent includes acetone, methyl ethyl ketone, diethyl ketone, methyl isobutyl 
ketone, and the like. The ether solvent includes dibutyl ether, tetrahydrofuran, dioxane, and the like. Among these sol- 
vents, isopropanol, acetone and methyl ethyl ketone are preferable. 

20 [0058] In addition, the above organic solvent may be used together with a high-boiling point hydrophilic organic sol- 
vent, as occasion demands. The high-boiling point hydrophilic organic solvent includes phenoxyethanol, ethylene glycol 
monomethyl ether, diethytene glycol monomethyl ether, diethylene glycol monoethyl ether, diethytene glycol diethyl 
ether, and the like. 

[0059] As the neutralizing agent, an acid or base can be used depending upon the kinds of the salt-forming groups. 

25 The acid includes inorganic acids such as hydrochloric acid and sulfuric acid; and organic acids such as acetic acid, 
propionic acid, lactic acid, succinic acid, glycolic acid, gluconic acid and glyceric acid. The base includes tertiary 
amines such as trimethylamine and triethylamine, ammonia, sodium hydroxide, potassium hydroxide, and the like. 
[0080] The degree of neutralization is not limited to specified ones. It is preferable that the resulting water disper- 
sion is usually neutral, for instance, pH is 4.5 to 9. 

30 [0061] The particle diameter of the vinyl polymer particles containing the pigment is preferably 0.01 to 0.50 urn, 
more preferably 0.02 to 0.20 u/n, from the viewpoint of prevention of clogging of the nozzles and the dispersion stability. 
[0062] It is desired that the content of the water dispersion of the vinyl polymer in the water-based ink is adjusted 
such that the content of the vinyl polymer particles in the water-based ink is usually 1 to 30% by weight, preferably 2 to 
15% by weight, from the viewpoints of printing density and discharging stability. 

35 [0063] There can be added additives such as wetting agents, dispersing agents, defoaming agents, mildewproof 
agents and chelating agents to the water-based ink for Inkjet printing of the present invention. 
[0064] As the wetting agents, there can be used polyhydric alcohols and ethers thereof such as ethylene glycol, 
propylene glycol, diethylene glycol, triethylene glycol, polyethylene glycols, glycerol, diethylene glycol diethyl ether, and 
diethylene glycerol mono-n-butyl ether; acetates; nitrogen-containing compounds such as N-methyl-2-pyrrolidone and 

40 1 ,3-dimethylimidazolidinone. The content of the wetting agent in the water-based ink is preferably 0.1 to 50% by weight, 
more preferably 0.1 to 30% by weight 

[0065] in addition, as the dispersing agent, there can be used anionic, noniomc, cationic and amphoteric dispersing 
agents. 

[0086] Also, as the defoaming agent, it is especially preferable to use the compound represented by the formula 
45 (III): 



50 




wherein each of R 7 , R 8 , R 9 and R 10 is independently an alkyl group having 1 to 1 0 carbon atoms, or phenyl group which 
may have a substituent; each of R 1 1 and R 12 is independently an alkyl group havi ng 1 to 1 0 carbon atoms, phenyl group 
which may have a substituent, hydroxyl group, amino group, carboxyl group or epoxy group, respectively; each of x and 
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y Is independently a number of 0 to 1 000, preferably 1 0 to 1 00, 

from the viewpoints of suppression of generation of foams during the preparation of the water-based ink and adjustment 
of surface tension of the water-based ink. 

[0087] The content of the defoaming agent in the water-based ink is preferably 0.001 to 2.0% by weight, more pref- 
5 erably 0.005 to 0.5% by weight. 

Preparation Examples 1 to 3 

[0068] A reaction vessel was charged with 20 parts by weight of methyl ethyl ketone, monomers and a polymeriza- 
w tion chain transfer agent which are listed in the column of "initially charged monomers" of Table 1 , and nitrogen gas sub- 
stitution was sufficiently earned out 

[0069] On the other hand, a dropping funnel was charged with monomers and a polymerization chain transfer agent 
which are listed in the column of "dropping monomers" of Table 1, 60 parts by weight of methyl ethyl ketone and 1.2 
parts by weight of 2^'-azobis(2,4-dimethylvaleronitrile), and nitrogen gas substitution was sufficiently carried out 

15 [0070] The mixed solution inside the reaction vessel was heated to 65°C with stirring under nitrogen atmosphere, 
and the mixed solution inside the dropping funnel was slowly added dropwise thereto over a period of 3 hours. After 2 
hours passed from the termination of dropping, thereto was added a solution prepared by adding 0.1 parts by weight of 
2,2 > -azobis(2,4-dimethyrvaleronitrile) to 5 parts by weight of methyl ethyl ketone. The mixture was further aged at 65°C 
for 2 hours and then at 70°C for 2 hours, to give a copolymer solution. 

20 [0071 ] A part of the resulting copolymer solution was isolated by drying it at 1 05°C for 2 hours under reduced pres- 
sure to completely remove the solvent. The weight-average molecular weight was determined by gel permeation chro- 
matography using polystyrene as a standard substance, and chloroform containing dodecyldimethylamine of 1 mmol/L 
as a solvent As a result, each of the resulting copolymers had a weight-average molecular weight of about 10000. 
[0072] Five parts by weight of the copolymer obtained by drying the resulting copolymer solution under reduced 

25 pressure was dissolved in 25 parts by weight of an organic solvent listed in Table 1 , and 2 parts by weight of a neutral- 
izing agent (30% aqueous solution) listed in Table 1 was added thereto to neutralize a part of the copolymer. Further, 
30 parts by weight of ion-exchanged water and 5 parts by weight of a pigment were added thereto, and the mixture was 
kneaded with a beads mill. 

[0073] The organic solvent was completely removed from the resulting kneaded product at 60°C under reduced 
30 pressure, and a part of water was further removed, thereby giving a water dispersion of pigment-containing vinyl poly- 
mer particles, the concentration of the solid ingredients of which was 20% by weight. 

Preparation Example 4 

35 [0074] A copolymer solution was obtained in the same manner as in Preparation Example 1 using the monomers 
and a polymerization chain transfer agent listed in Table 1 . The weight-average molecular weight of the resulting copol- 
ymer was obtained in the same manner as in Preparation Example 1 . As a result, it was found to be about 1 0000. 
[0075] Twenty-five parts by weight of an organic solvent listed in Table 1 and 5 parts by weight of a dye or pigment 
were added to 5 parts by weight of the copolymer obtained by drying the resulting copolymer solution under reduced 

40 pressure, and completely dissolved. Two parts by weight of a neutralizing agent (30% aqueous solution) listed in Table 
1 was added thereto to neutralize a part of the salt-forming group of the copolymer. Further, 300 parts by weight of ion- 
exchanged water was added thereto, and the mixture was stirred. Thereafter, the mixture was emulsified for 30 minutes 
by using a microfluidizer (manufactured by Microtluidtes International Corporation). 

[0076] The organic solvent was completely removed from the resulting emulsion at 60°C under reduced pressure, 
45 and water was further removed to concentrate the mixture, thereby giving a water dispersion of dye-containing vinyl pol- 
ymer particles, the concentration of the solid ingredients of which was 20% by weight. 
[0077] The names listed in Tables 1 and 3 mean the followings. 

Silicone Macromer: Manufactured by Chisso Corporation under the trade name: FM-071 1 (number-average molec- 
50 ular weight 1 000, a compound represented by the formula (11-1 a)) 

Pigment Red 122: Manufactured by Toyo Ink Manufacturing Co., Ltd., under the trade name: LIONOGEN Magenta 
R 

Pigment Yellow 17: Manufactured by DAINICHISEIKA COLOR & CHEMICALS MFG. CO., LTD., under the trade 
name: ECY-215 

55 Carbon Black: Manufactured by Degussa, under the trade name: Printex-90 

Spilon Red: Manufactured by Hodogaya Chemical Co., Ltd., under the trade name: Spilon Red C-BR 

Styrene Macromer A: Manufactured by TOAGOSEI CO., LTD., under the trade name: AN-6 (styrene-acrylonitrile mac- 
romer, styrene content 75% by weight, number-average molecular weight 6000, polymerizable 
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functional group: methacroyloxy group) 
Styrene Macromer B: Manufactured by TOAGOSEI CO., LTD., under the trade name: AS-6 (styrene macromer, 
number-average molecular weight 6000, polymerizable functional group: methacroyloxy group) 
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Examples 1 to 3 

[0078] Forty parts by weight of the water dispersion of pigment-containing vinyl polymer particles obtained in Prep- 
aration Examples 1 to 3, 5 parts by weight of glycerol, 1 0 parts by weight of urea, 1 part by weight of acetylene glycol- 
5 polyethylene oxide adduct (manufactured by Kawaken Rne Chemicals Co., Ltd., under the trade name: Acetylenol EH) 
and 44 parts by weight of ion-exchanged water were mixed, and the resulting liquid mixture was filtered with a needle- 
less syringe [manufactured by TERUMO CORPORATION] having a volume of 25 mL to which 0.5 urn filter [acetyl cel- 
lulose membrane, outer diameter: 2.5 cm, manufactured by Fuji Photo Film Co., Ltd.] was attached, thereby removing 
coarse grains, to give water-based inks of Examples 1 to 3 corresponding to Preparation Examples 1 to 3, respectively. 

10 

Comparative Example 1 

[0079] A water-based ink was obtained by the following formulation. 

15 



(Formulation) 


(Parts by Weight) 


C. 1. Acid Red 52 (Water-Soluble Dye) 


4 


Glycerol 


5 


Diethylene Glycol 


10 


Isopropyt Alcohol 


2 


Ion-Exchanged Water 


79 



Comparative Example 2 

[0080] A water-based ink was obtained in the same manner as in Comparative Example 1 , except for using 4 parts 
30 by weight of carbon black in place of C. I. Acid Red 52, and dispersing by using a sodium salt of an aromatic sulfonic 
acid-formalin condensation product (manufactured by Kao Corporation, under the trade name: Demole C). 

Comparative Example 3 

35 [0081] A water-based ink was obtained in the same manner as in Example 1 , except for using 40 parts by weight 
of a water dispersion of the dye-containing vinyl polymer particles obtained in Preparation Example 4 in place of the 
water dispersion of the pigment-containing vinyl polymer particles obtained in Preparation Example 1 . 
[0082] The physical properties for the water-based inks obtained in Examples 1 to 3 and Comparative Examples 1 
to 3 were evaluated by the following methods. The results are shown in Table 2. 

40 

(1) Printing Density 

[0083] Solid image printing was carried out on commercially available copy paper using a commercially available 
bubble jet printer manufactured by HEWLETT PACKARD (Model Number: Desk Jet-720C), and the printed image was 
45 allowed to stand at 25°C for 1 hour, and thereafter the printing density was determined by using a Macbeth densitom- 
eter (manufactured by Macbeth Process Measurements Co., Product Number RD914), and evaluated by the following 
evaluation criteria: 

[Evaluation Criteria] 

50 

[0084] 

O: Printing density being not less than 1 .1 
a: Printing density being not less than 1 .0 and less than 1 .1 
55 X: Printing density being less than 1 .0 
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(2) Light Fastness 

[0085] The solid printed object for which the printing density was determined above was continued to be irradiated 
for 10000 counts with Xenon Fade Meter (trade name, manufactured by ATLAS). Thereafter, the printing density of the 
5 same printing portion determined before irradiation was again determined with Macbeth densitometer RD914. The 
residual ratio of the printing density after irradiation to the printing density before irradiation was calculated by the fol- 
lowing equation: 

[Residual Ratio] = [Printing Density After Irradiation] 
10 1 J [Printing Density Before Irradiation] 

The light fastness was evaluated on the basis of the following evaluation criteria: 
75 [Evaluation Criteria] 
[0086] 

O - Residual ratio being not less than 95% 
20 a: Residual ratio being not less than 80% and less than 95% 
X: Residual ratio being less than 80% 

(3) Water Resistance 

25 [0087] Solid image printing was carried out on a commercially available copy paper using the above-mentioned 
printer, and the printing density of a specified printed portion of the sample which was dried at 25°C for 1 hour was 
determined. Thereafter, the printed paper was immersed vertically in stand-still water for 1 0 seconds, and then vertically 
pulled out therefrom in this state. The immersed paper was air-dried at 25°C for 24 hours, and the printing density of 
the same printing portion as determined before immersion was again determined. The residual ratio of the printing den- 

30 sity after immersion to the printing density before immersion was calculated by the equation: 

[Residual Ratio] = printing Density After Immersion] 
L J [Pnnting Density Before Immersion] 

35 

The water resistance was evaluated on the basis of the following evaluation criteria: 

[Evaluation Criteria] 

40 [0088] 

®: Residual ratio being not less than 95% 

O - Residual ratio being not less than 90% and less than 95% 

a: Residual ratio being not less than 70% and less than 90% 

45 X: Residual ratio being less than 70% 

(4) Rub Resistance 

[0089] Solid image printing was carried out on a commercially available copy paper using the above-mentioned 
so printer, and the printed surface was strongly rubbed with a finger. The extent of rub-off of the printed image was evalu- 
ated by the following evaluation criteria: 

[Evaluation Criteria] 

55 [0090] 

O- Substantially no printed image being rubbed off, and its periphery not being stained 

a: Some printed image being rubbed off, its periphery being slightly stained, and finger also being slightly stained 
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X: Printed image being considerably rubbed off, its periphery being considerably stained, and finger also being 
considerably stained 

(5) High Lighter-Fastness 

5 

[0091] Text printing was carried out on a commercially available copy paper using the above-mentioned printer, and 
after passage of 6 hours at 25°C, the extent of staining of the printed sample when traced with a commercially available 
aqueous fluorescent marker was observed with naked eyes, and the evaluation was made on the basis of the following 
evaluation criteria: 

10 

[Evaluation Criteria] 
[0092] 

15 ©: No staining such as rubbed stains was observed even when traced with a fluorescent marker. 

O: Some rubbed stains were generated when traced with a fluorescent marker, but at a level without practical prob- 
lems. 

X: Generation of rubbed stains were observed when traced with a fluorescent marker, which was intolerable. 

20 

Table 2 



Ex. No. 


Physical Properties of Water-Based I nk 




Printing Density 


Light Fastness 


Water Resistance 


Rub Resistance 


High Lighter-Fast- 
ness 


1 


o 


o 


® 


o 


O 


2 


o 


o 


® 


o 


A 


3 


o 


o 


® 


o 


o 


Comp. Ex. 












1 


o 


X 


X 


o 


A 


2 


o 


o 


A 


X 


X 


3 


o 


X 


® 


o 


O 


(Note) In the table, the evaluation "X" means not usable. 



[0093] It is clear from the results shown in Table 2 that all of the water-based inks obtained in each example are 
40 excellent in light fastness, and give high printing density, and further are excellent in water resistance, rub resistance 
and highlighter-fastness. 

Preparation Examples 5 to 11 

45 [0094] A reaction vessel was charged with 20 parts by weight of an organic solvent shown in Table 3, monomers 
and a polymerization chain transfer agent which are listed in the column of "initially charged monomers" of Table 3, and 
nitrogen gas substitution was sufficiently carried out. 

[0095] On the other hand, a dropping funnel was charged with monomers and a polymerization chain transfer agent 
which are listed in the column of "dropping monomers" of Table 3, 60 parts by weight of methyl ethyl ketone, and 1.2 

so parts by weight of 2^ > -azobis(2,4-dimethylvaleronitrile), and nitrogen gas substitution was sufficiently carried out 
[0096] The mixed solution inside the reaction vessel was heated to 65°C with stirring under nitrogen atmosphere, 
and the mixed solution inside the dropping funnel was slowly added dropwise thereto over a period of 3 hours. After 2 
hours passed from the termination of dropping, thereto was added a solution prepared by adding 0.3 parts by weight of 
2,2'-azobis(2,4-dimethytvaleron'rtrile) to 5 parts by weight of methyl ethyl ketone. The mixture was further aged at 65°C 

55 for 2 hours and then at 70°C for 2 hours, to give a copolymer solution. 

[0097] A part of the resulting copolymer solution was isolated by drying it at 1 05°C for 2 hours under reduced pres- 
sure to completely remove the solvent. The weight-average molecular weight was determined by gel permeation chro- 
matography using polystyrene as a standard substance, and chloroform containing dodecyldimethylamine of 1 mmol/L 
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as a solvent The results are shown in Table 3. 

[0098] Five parts by weight of the copolymer obtained by drying the resulting copolymer solution under reduced 
pressure was dissolved in 25 parts by weight of an organic solvent listed in Table 3, and a given amount of a neutralizing 
agent (30% aqueous solution) listed in Table 3 was added thereto to neutralize a part of the copolymer. Further, 5 parts 
5 by weight of a pigment was added thereto, and the mixture was kneaded with a beads mill. 

[0099] Thirty parts by weight of ion-exchanged water was added to the resulting kneaded product, and the mixture 
was stirred. Thereafter, the organic solvent was removed from the resulting kneaded product at 60°C under reduced 
pressure, and a part of water was further removed, thereby giving a water dispersion of pigment-containing vinyl poly- 
mer particles, the concentration of the solid ingredients of which was 20% by weight. 
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Examples 4 to 1 0 

so [0100] Forty parts by weight of the water dispersion of pigment-containing vinyl polymer particles obtained in Prep- 
aration Examples 5 to 1 1 , 5 parts by weight of glycerol, 1 0 parts by weight of urea, 1 part by weight of acetytene glycol- 
polyethylene oxide adduct (manufactured by Kawaken Rne Chemicals Co., Ltd., under the trade name: Acetylenol EH) 
and 44 parts by weight of ion-exchanged water were mixed, and the resulting liquid mixture was filtered with a needle- 
less syringe [manufactured by TERUMO CORPORATION] having a volume of 25 ml_ to which 0.5 urn filter (acetyl cel- 

55 lulose membrane, outer diameter 2.5 cm, manufactured by Fuji Photo Rim Co., Ltd.) was attached, thereby removing 
coarse grains, to give water-based inks of Examples 4 to 1 0 corresponding to Preparation Examples 5 to 1 1 , respec- 
tively. 

[0101] Printing density, light fastness, water resistance, rub resistance and highlighter-fastness were evaluated for 
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the water-based inks obtained in Examples 4 to 10 in the same manner as in Examples 1 to 3. 
[0102] In addition, distortions of the recording medium were evaluated for the water-based inks obtained in Exam- 
ples 4 to 1 0 and the water-based inks obtained in Comparative Examples 1 to 3 in accordance with the following 
method. The results are shown in Table 4. 

(6) Distortion of Printed Objects 

[0103] The extent of distortion when printing a ruled line using the above-mentioned printer was observed with 
naked eyes, and evaluated by the following evaluation criteria: 

[Evaluation Criteria] 

[0104] 

is ©: No distortion 

O • Almost no distortion 

a: Some distortions 

X: Much distortions 
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Table 4 



Ex. No. 


Physical Properties of Water-Based Ink 




Printing Density 


Distortion of 


Light Fastness 


Water Resist- 


Rub Resist- 


High Lighter- 






Printed Object 




ance 


ance 


Fastness 
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o 


® 
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O 
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O 


O 
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O 


6 


o 


O 


O 


® 


O 


® 
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® 


O 


® 


O 


O 
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O 


10 
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A 
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o 
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Comp. Ex. 














1 


o 


® 


X 


X 


o 


A 


2 


o 


A 


o 


A 


X 


X 


3 


o 


X 


X 


® 


o 


o 


(Note) In the table, the evaluation *X" means not usable. 



[0105] It is clear form the results shown in Table 4 that all of the water-based inks obtained in each example are 
excellent in light fastness, and give high printing density, with no distortions of the printed objects, and are excellent in 
water resistance, rub resistance and highlighter-fastness. 



50 



INDUSTRIAL APPLICABILITY 

[0106] The water-based ink for inkjet printing of the present invention is excellent in light fastness, 
ing density, with no distortion of printed objects, and further is excellent in water resistance, rub 
lighter-fastness. 



high print- 
and high- 



55 Claims 
1 



A water-based inkfor inkjet printing comprising a water dispersion of vinyl polymer particles prepared by containing 
a pigment in a vinyl polymer prepared by copolymerizing a monomer mixture comprising (a) a salt-forming group- 
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containing monomer, (b) a macromer, and (c) a monomer copolymerizable with the salt-forming group-containing 
monomer and the macromer. 

2. The water-based ink according to claim 1 , wherein the monomer mixture comprises at least one member selected 
5 from the group consisting of (d) hydroxyl group-containing monomers, and (e) monomers represented by the for- 
mula (I): 

CH 2 = C(R 1 )COO(R 2 0) p R 3 (I) 

10 wherein R 1 is hydrogen atom or a lower alkyl group; R 2 is a divalent hydrocarbon group having 1 to 30 carbon 
atoms, which may have a hetero-atom; R 3 is a monovalent hydrocarbon group having 1 to 30 carbon atoms, which 
may have a hetero-atom; and p is a number of 1 to 60. 

3. The water-based ink according to claim 1, wherein the (b) macromer is at least one member selected from the 
is group consisting of silicone macromers represented by the formula (II): 

X(Y) q Si(R 4 )3.r(Z)r (II) 

wherein X is a polymerizable unsaturated group; Y is a divalent bond group; each of R 4 is independently hydrogen 
20 atom, a lower alkyl group, an aryl group or an alkoxy group; Z is a monovalent residue of a siloxane polymer having 
a number-average molecular weight of not less than 500; q is 0 or 1 ; and r is an integer of 1 to 3; and 
styrene macromers having a polymerizable functional group at one end. 

4. The water-based ink according to claim 1 , wherein the (c) copolymerizable monomer comprises at least one of sty- 
25 rene and 2-methylstyrene. 

5. The water-based ink according to claim 1, wherein the weight-average molecular weight of the vinyl polymer is 
3000 to 200000. 

30 6. A process for preparing a water-based ink for Inkjet printing comprising a water dispersion of vinyl polymer particles 
prepared by containing a pigment in a vinyl polymer, comprising dissolving in an organic solvent a vinyl polymer 
prepared by copolymerizing a monomer mixture comprising (a) a salt-forming group-containing monomer, (b) a 
macromer, and (c) a monomer copolymerizable with the salt-forming group-containing monomer and the mac- 
romer; adding a pigment to the resulting solution; pre-kneading the mixture; thereafter adding a neutralizing agent 

35 and water and kneading the mixture, to give an oil-in-water dispersion; and distilling off the organic solvent from the 
resulting kneaded product. 

7. The process for preparing a water-based ink according to claim 6, wherein the monomer mixture comprises at least 
one member selected from the group consisting of (d) hydroxyl group-containing monomers, and (e) monomers 
40 represented by the formula (I): 

CH 2 = ClR^COOfF^OJpR 3 (I) 

wherein R 1 is hydrogen atom or a lower alkyl group; R 2 is a divalent hydrocarbon group having 1 to 30 carbon 
45 atoms, which may have a hetero-atom; R 3 is a monovalent hydrocarbon group having 1 to 30 carbon atoms, which 
may have a hetero-atom; and p is a number of 1 to 60. 
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